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I. Disclaimer 

This software was developed at the National Institute of Standards and Technology by 

employees of the Federal Government in the course of their official duties. Pursuant to title 17 

Section 105 of the United States Code this software is not subject to copyright protection and is 

in the public domain. This is an experimental system. NIST assumes no responsibility 

whatsoever for its use by other parties, and makes no guarantees, expressed or implied, about its 

quality, reliability, or any other characteristic. We would appreciate acknowledgment if the 

software is used. This software can be redistributed and/or modified freely provided that any 

derivative works bear some notice that they are derived from it, and any modified versions bear 

some notice that they have been modified. 

II. Installation 

To run the Fog Bank you will need to install the free MCR from Matlab MathWorks website at: 

http://www.mathworks.com/products/compiler/mcr/index.html. Please download the 

R2013a 64-bit windows version. 

To launch the GUI, double click the FogBank_GUI_v1.exe. 

III. Tips: 

1. When navigating tabs, parameters will be saved automatically and checked for user 

input at each tab navigation. Only when pressing "Cancel" the user input will be 

discarded. 

 

2. There are help icons throughout the GUI. Whenever possible click on the icon “?” and 

you can read the help related to the corresponding section 

 

IV. Main Tab 

The FogBank expects 2D grayscale or segmented image sequence in TIFF format. Segmented 

images are images where the regions of interest are labeled sequentially from 1 to maximum 

number of objects per image. 

The FogBank requires defining the paths to the input image folder in the Raw Images path 

directory. It is the path to the folder containing the images the user would like to segment. 

The common name input is optional and can be used to specify specific images within a folder. 

For example, if a folder contains a sequence of images similarly named to raw_image_001.tif, 

the common name could be defined as raw_image_ or raw_ or _image_ etc. 

http://www.mathworks.com/products/compiler/mcr/index.html
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Click on “Load Images” pushbutton to save the path and load the first image. Use the slider to 

navigate your images. 

Please go to the “Foreground Mask” tab to segment the edges of the Region of Interest in your 

images. 

 

Main Window 

V. Foreground Mask Tab 

There are two methods to detect foreground mask of the raw images: (1) using the segmentation 

method in the tool (the Empirical Gradient Segmentation or EGT) or (2) importing the masks 

from an already segmented images. 

A. Detect Foreground Mask 

The method implemented in the tool to detect foreground mask is the Empirical Gradient 

Segmentation technique as described in the paper entitled: “Empirical Gradient Threshold 

Technique for Automated Segmentation across Image Modalities and Cell Lines”. There are 3 

parameters to adjust: 

Minimum Object Area: This parameter represents the minimum size that any cellular object 

must have in order to be recognized as a cell or a group of cells. Any object with size smaller 

than this threshold will be deleted from the mask. 
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Fill Holes Smaller Than: This parameter represents the minimum size that any hole in the mask 

must have in order to be recognized as an actual remaining background within a cell area. Any 

hole with size smaller than this threshold will be considered as foreground. 

Morphological operation: The morphological operations include dilate, erode, close and open 

of a mask. They are post-processing operations applied on the mask after segmentation. It is 

mainly helpful to smooth the edges of the detected Regions of Interest. 

Greedy: This parameter controls the size of foreground area detected. The higher the greedy is 

the more foreground is detected. Its main use is to adjust the threshold to handle blurry images or 

cell lines where the cell edges have intensities similar to background. 

Visualization tools 

Colormap: This input allows the display of multiple colormap for visualization purposes. 

Display Contour: This input shows the entire foreground mask as detected or just the contour 

around the edges. 

Display Raw Image: If checked will display the raw image 

Adjust Contrast: Will adjust the contrast of the raw image for better viewing. 

 

 

Foreground Mask Window for detecting the foreground masks  
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B. Import Foreground Mask 

If the checkbox Import Foreground Mask is checked, this allows for importing the foreground 

mask from a folder location instead of segmenting it using EGT. The number of masks in the 

specified folder has to match the number of raw images. Once the folder path and common name 

are selected, pushing on “Update Foreground Mask” will display the imported masks. 

 

 

Foreground Mask Window for importing the foreground masks 

VI. Object Separation Tab 

Single Cell separation is a challenging problem; it is solved in this tool by using FogBank. This 

tool is built to handle multiple cell separation problems. Therefore, there are multiple options 

that can be selected in order to achieve good results. All are explained in details in the following 

paper entitled: “Single Cell Segmentation Using across Multiple Cell Lines and Image 

Modalities”. 

There are 3 options that can be selected before applying fogbank method on the image: (1) Use 

Border Mask, (2) Use Mitotic Mask, and (3) Use Seed Mask. The sections below will describe 

in detail each option.  
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Apply Fogbank On: After selecting the options, FogBank algorithm can be applied on four 

grayscale images used for expanding around the seed points: (1) pixel intensities of the grayscale 

image (2) the distance transform map where distance is measured from the cell borders, or (3) 

the distance transform map applied on the binary image, where distance is measured from the 

seed points, and (4) the gradient map of the raw image computed using the “Sobel” operator. The 

best map for segmenting single cells depends on the user’s experiment, cell line, image modality 

and cell density. Please refer to the paper for more details. 

Fogbank Direction: this drop-down menu selects the direction between seed points and 

boundaries. If low intensity pixels correspond to seed points and high intensity pixels correspond 

to boundaries then Fogbank direction should be from Min to Max and vice-versa. 

Minimum Cell Area: This parameter represents the minimum size that any cellular object must 

have in order to be recognized as a single cell. Any object with size smaller than this threshold 

will be deleted from the mask and its corresponding pixels will be assigned to the closest 

neighboring cell. 

Show Labels: If checkbox selected, the unique number assigned to every single cell detected in 

the image will be displayed on the image. 

 

 

Object Separation Tab Window 
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A. Use Border Mask 

The geodesic distance 𝑑𝐼(𝑎, 𝑏) between two pixels 𝑎 and 𝑏 in the image 𝐼, is the minimum of the 

length 𝐿 of the path(s) 𝑃 = (𝑐1, 𝑐2, … , 𝑐𝑙) joining 𝑝 and 𝑞 in 𝐼. 

𝑑𝐼(𝑎, 𝑏) = min{𝐿(𝑃)|𝑐1 = 𝑎, 𝑐𝑙 = 𝑏, 𝑃 ⊆ 𝐼} 

𝑑𝐼(𝑎, 𝑏) = ∞, if 𝑎 and 𝑏 are not connected in 𝐼. 

The geodesic distance prevents pixels that are close to a cell but separated by a border from 

being assigned to that cell.  Those pixels are instead assigned to a different cell that is further 

away in terms of number of pixels on the image, but closer in terms of geodesic distance as 

shown in the following figure. 

 

A schematic figure to display the allocation of an unassigned pixel (x marked) to the closest seed 

point (yellow path) by means of the minimum geodesic distance between that pixel and the seed 

points in the image.  The yellow path has a geodesic distance smaller than the orange or green 

path.  The red pixels represent cell boundaries that cannot be traversed. 

There are two choices to define the border mask: (1) all pixels can be traversed, or (2) the 

geodesic mask is used. The geodesic mask is a binary image where pixels with value equal to 

zero represent boundaries that cannot be traversed, and pixels with value equal to one are paths 

that can connect two pixels of interest together. 

Borders are defined through the input Percentile Threshold. These border pixels can be thinned 

to a line by checking the option Thin Mask. The borders can also be defined on the gradient 

image by checking the option Operate on Gradient. Sometimes the borders created circle 

entirely a Region of Interest, not allowing it to grow beyond the borders. This can be overcome 

by checking the option Break Holes that breaks any hole in the mask by deleting one pixel from 

the borders that fully encloses a region of interest as shown in the figure below. 

This mask can help separate single cells with boundaries close to manually drawn ones. 
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Border Mask Window 

 

Internal Hole Breaking Example 

B. Use Mitotic Mask 

Mitotic events for cells that are dividing are detected in this tool separately from the single cell 

segmentation. The mitotic mask generated will be added to the single cell detection mask for 

final results. 

There are four grayscale images that the mitotic detection is operating on and are selected from 

the drop-down menu Image(): (1) the raw intensity image, (2) the gradient image, (3) the 

standard deviation image, and (4) the entropy image. The choice of a map for detecting cell 

mitosis depends on the user’s experiment, cell line, image modality and cell density. The STD 

Seed Point
Fully enclosing 
border Internal hole brake
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and Entropy images have a filter radius option that defines the radius of the kernel that is used to 

compute the STD and the Entropy. 

The other options in this window are the same as explained previously in the single cell detection 

window. 

 

Mitotic Mask Window 

C. Use Seed mask 

The detection of seed points determines whether an image is over or under-segmented. There are 

three different methods for automatic detection of seed points that minimize over-segmentation: 

(1) Apply Minimum Seed Size Threshold on every histogram percentile binning quantization 

that filters the small noisy seed points, (2) generate a fixed number of seed points per frame, 

which incorporates biological insight to locate the seeds, and (3) importing seed mask. The 

choice depends on the problem being solved. 

1. Minimum Seed Size 

Uncheck Use Seed Mask and enter a minimum seed size threshold. This method computes seed 

points as a function of histogram percentile binning quantization with seed size constraint. In 

contrast with other techniques, intensity thresholds are not defined at every unique intensity 

value in the image but rather on each percentile value of the image. Using every unique value 
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leads to multiple local peaks and thus to over-segmentation, but binning the pixel intensities 

reduces the over-segmentation. 

2. Generate Seed points 

In contrast to the above technique, this method detects seed points at only one percentile 

threshold. The number of seed points remains constant between quantization levels.  

Seeds pixels can be detected between two percentile values by adjusting the Percentile 

Threshold edit boxes. The Seed Size Range is the range of acceptable seed sizes. All detected 

seeds outside of that range will be deleted. The max seed size can be set to Inf (as Infinite). 

Circularity Threshold filters the seeds by the circularity. The value for that parameter is between 

0 and 1. 1 being a perfect circle. 

Cluster Seeds is a distance that defines a group of seeds as part of the same group. The distance 

can be computed as the geodesic distance between the seeds centroids taking into account the 

border mask or the Eucledian distance between the centroids without any use of the border mask. 

 

 

Seed Points Generation Window 
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3. Load Seed Mask 

The pushbutton Load, when the Use Seed Mask checkbox is checked, allows for importing the 

seed mask from a folder location instead of generating it using the tool. The number of masks in 

the specified folder has to match the number of raw images. Once the folder path and common 

name are selected, pushing on “Update Seed Mask” will display the imported masks. 

 

Load Seed Mask Window 

D. Saving Images 

After all the parameters have been established and the satisfied results reached, saving the 

images can be done by choosing the final format, the common name, the range of images that 

need to be segmented and saved and the type. 

The Range syntax for specifying specific image indices to be segmented from a time-sequence 

of images a comma separated list. For example, “1,3,5,9” will only segment images “1,3,5,9.” A 

colon can also be used to specify a range of images. For example, “1,4:8,12 ” would segment 

images “1,4,5,6,7,8,12.” 

The Type of images to be saved are (1) Binary Mask where all foreground is labeled 1 and the 

background 0. (2) Labeled Mask where the segmented Region of Interest are given a unique 

label, and (3) As Shown in Preview that allows to save a colored copy of the images as shown in 

the preview image with the same zoom, colors and text display. 
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Save Window 

 


